Divalent cation selectivity in a cyclic nucleotide-gated ion channel.
Divalent metal cation selectivity was studied in guanosine 3',5'-cyclic monophosphate-gated ion channels. Channels from bovine retina were expressed in Xenopus laevis oocytes, and currents were measured using tight-seal patch recording methods. The ability of divalent cations to block Na+ currents was used to determine the occupancy of divalent cations in the ion conduction pore. At positive membrane voltages, where extracellular divalent cations are near equilibrium with their binding site, the occupancy reflects the affinity of the blocking ion. The selectivity sequence based on relative affinity was Ca2+ > Mg2+ = Sr2+ = Ba2+. In addition to its higher affinity, Ca2+ was more permeant and blocked with a weaker voltage dependence. Ca2+ was the only ion that blocked with a high Hill coefficient (n = 2.7), suggesting the presence of multiple binding sites. When Glu 363, located in the pore-forming region, was mutated to Asp, the affinity of all four ions increased and the selectivity sequence became Ca2+ > Sr2+ > Ba2+ > Mg2+. These results show that the channel is highly selective for Ca2+ and that Glu 363 mediates divalent cation selectivity of the channel.